Introduction
During the last two decades, environmental pollutants have made the worrying problems in the human life. The industrialization is the major reason for these problems and contaminations. Most of these materials are toxic and carcinogenic in living organisms and most of them are released in environment as industrial wastes. Nitophenols are a class of these chemicals which are widely released in environment because of the industrial productions. Nitrophenols are widely released in environment as a waste of plastic factories, pharmaceutical industries (acetaminophen synthesis), leather process, pesticide production, petrochemical industries, dye synthesis and other chemical industries. [1] [2] [3] Nitrophenols are placed in the list of United States Environmental Protection Agency as priority pollutants. 4 Therefore, the determination of low level concentrations of these pollutants is very important in environmental analysis. There are several analytical methods in literature such as HPLC, 5-15 µHPLC, 16 UHPLC, 17 GC and GC-MS, 18, 19 spectrophotometry, 20 capillary electrophoresis, 21, 22 and electrochemical methods 23, 24 for the determination of nitrophenols in different sample matrices. Some of the used instruments such as µHPLC, UHPLC, and GC-MS are expensive methods for environmental analysis. Some of reported HPLC methods require time-consuming and complicated sample preparation process such as liquidliquid extraction (LLE), solid phase extraction (SPE), solid phase microextraction (SPME) and molecularly imprinted polymer assisted solid phase microextraction (MIP-SPME).
5- 15 The requirement of large volume of toxic solvent, long time of sample treatment, use of expensive sorbents and additional sample treatment steps such as filtration, sonication, precipitation, solvent evaporation and reconstitution, are the major disadvantages of these complicated sample preparation methods. Also application of large volumes of solvent leads to increase of waste production and is not
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Background: In the present study, an electromembrane extraction (EME) followed by a simple high performance liquid chromatography with ultraviolet detection (HPLC-UV) was developed and validated for simultaneous determination of 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP) in pharmaceutical industrial wastewater sample. Main parameters of electromembrane extraction were evaluated and optimized. Methods: 1-octanol was immobilized in the pores of a polypropylene hollow fiber as supported liquid membrane. As a driving force, a 100 volt electrical voltage was applied to transfer the analytes from the sample solution (pH, 7.5) through the supported liquid membrane into an acceptor solution (pH, 12). Results: The best enrichment factors were obtained 36 and 72 for 2-NP and 4-NP, respectively after 15 minutes of extraction. The effect of carbon nanotube, as a solid nanosorbent on EME efficiency, was also evaluated. The proposed method provided the linearity in the range of 10-1000 ng/mL for 2-NP (R 2 > 0.9997) and 4-NP (R environmentally friendly. The environmental samples often contain salts, metals, proteins and organic compounds that may interfere with the analyte of interest in instrumental chemical analysis. Therefore application of rapid and easy sample preparation technique using small volumes of toxic solvents (or solventless) is necessary to environmental chemical analysis.
In recent years, miniaturized extraction methods have been developed for the extraction of analytes from different sample matrices. 25, 26 Electromembrane extraction (EME) was recently introduced as an efficient sample preparation technique. 27 In this technique, high analyte extraction in a short time is obtained by the migration of charged target analytes from sample solution into an aqueous acceptor solution across a supported liquid membrane (SLM) using an electrical field as a driving force. Ionization of analyte is obtained by pH adjustment, in donor and acceptor solutions. The supported or immobilized liquid membrane is prepared by an impregnated hollow fiber with a very little amount of an organic solvent. After EME, the acceptor solution is collected and subjected to the instrumental analysis without any further treatments. Thus, EME is a good sample preparation approach for extraction of organic compounds from environmental matrices. This process is compatible with analytical equipment (HPLC, GC, etc.) and can improve the detection limit of an analytical method. Furthermore, due to the use of very small volumes of organic solvent, EME is environmentally friendly. [26] [27] [28] To date, EME has been used for the extraction of drugs, dyes, anions, heavy metals, environmental pollutants, amino acids and peptides from different sample matrices. [26] [27] [28] [29] [30] [31] [32] [33] To the best of our knowledge, EME technique has not been used for simultaneous extraction of 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP) from wastewater samples. In this study, for the first time EME as a micro-extraction technique followed by a simple HPLC-UV method was developed and validated for simultaneous determination of 2-NP and 4-NP from industrial wastewater samples. Major parameters on EME efficiency including composition of SLM, pH of donor and acceptor solutions, voltage, time of extraction and effect of nano-sorbent were evaluated and optimized.
Methods and Materials
Chemicals and reagents 2-nitrophenol (2-NP) (purity 99%), 4-nitriphenol (4-NP) (purity 99%), methanol, ammonium acetate, trifluoroacetic acid, hydrochloric acid, sodium hydroxide, 2-ethylhexanol, 1-heptanol and 1-octanol were purchased from Merck (Darmstadt, Germany). Accurel PP 300/1200 polypropylene hollow fiber with the inner diameter of 1200 µm, wall thickness of 300 µm, and pore size of 0.2 µm that was purchased from Membrana (Wuppertal, Germany). Multi-walled carbon nanotubes (outer diameter of 8 nm, a length of ∼30 μm, a specific surface area of > 500 m 2 /g, and purity > 95 %) were purchased from the Neutrino Company (Tehran, Iran). HPLC grade water was obtained using a Fistreem cyclon system (Leicestershire, UK) and was used to prepare all solutions.
Standard solutions and wastewater samples
The stock standard solutions containing 1 mg/mL of 2-NP and 4-NP were separately prepared in distilled water using ultrasonication and were protected from light and stored at 4 ºC. Working standard solutions were prepared by dilution of the stock solution using distilled water. Untreated industrial wastewater was obtained from a pharmaceutical factory (Tehran, Iran). pH of wastewater was adjusted by dropwise addition of NaOH solution prior to extraction.
Electromembrane extraction procedure
The DC power supply EPS-Universal model (Paya Pajohesh Pars, Tehran, Iran) with programmable voltage in the range of 0-400 V, providing currents in the range of 0-0.5 A was used to EME procedure. A homemade glass tube (volume = 7 mL, height = 7 cm and internal diameter = 13 mm) with a screw cap was used as an EME compartment. Platinum wires (diameter 0.2 mm) were used as the electrodes. The porous hollow fiber was an Accurel PP 300/1200 polypropylene (Membrana, Wuppertal, Germany) with an internal diameter of 1200 µm, a wall thickness of 300 µm and pore size of 0.2 µm. Seven mL sample solution was filled in the sample extraction vial. A 35 mm piece of polypropylene hollow fiber was dipped into the organic solvent and was sonicated for 30 s to impregnate the hollow fiber. The excess amount of organic solvent was removed from the inner and outer of hollow fiber by washing with water using a micro-syringe. The lower end of the hollow fiber was closed by thermal and mechanical pressure. Then, the lumen of the fiber was filled with 30 µL of the acceptor solution using a micro-syringe. The hollow fiber, including acceptor solution, was inserted into the sample solution. The negative electrode (cathode) was placed in the sample solution and positive electrode (anode) was placed directly in acceptor solution. Subsequently, the power supply was turned on and the required voltage was applied across the electrodes for a defined time. During all extractions, the sample solution was stirred using a stirrer in 600 rpm. At the end of extraction procedure the acceptor solution was collected by a micro-syringe for analysis using HPLC.
HPLC conditions
Chromatographic separation was performed using a modular HPLC system consisted of Knauer HPLC Pump K-1001, a UV Detector K-2600, a Knauer injection system and a Knauer solvent degasser (Berlin, Germany). Chromatographic data were analyzed using ChromGate 
Evaluation of the Effect of carbon nanotubes
In this study effect of carbon nanotubes (CNTs) was evaluated as a nano-sorbent on membrane performance. Carbon nanotubes were used in two forms (pure CNTs and modified CNTs). Modification was performed by oxidation of the carbon nanotube in order to attach polar functional groups (COOH and/or OH). In brief, 1 g CNTs were dispersed into a 40-ml mixture of concentrated H2SO4/HNO3 (3:1, V/V). The solution was sonicated for 30 min and refluxed for 8 hours at 110 °C. This suspension was diluted with deionized water then was centrifuged and rinsed with deionized water for several times. The resulting solution was filtered and dried at 100 °C for 4 h to obtain the modified CNTs. 31 In order to evaluate the effect of carbon nanotube (CNT) on EME efficiency, pure (unmodified) and modified CNTs were dispersed in SLM solvent in concentration of 1 mg/mL during 20 minutes sonication and then, 35 mm pieces of polypropylene hollow fiber were dipped into these suspensions and the pores of hollow fiber were filled with the mixture during 10 minutes sonication. Then, EME was performed in optimum condition.
Calculation of enrichment factor and relative recovery
The enrichment factor (EF) is defined as the ratio of the final analyte concentration in the acceptor solution (Ca) to the initial concentration of analyte in the donor solution (Cd). EF was calculated using Equation 1:
The relative recovery (RR) was calculated for industrial wastewater sample using Equation 2: = − × 100 Eq. (2) Where, Cf is the concentration of analyte found after addition of known amount of standard into the real sample, Cr is the concentration of analyte in real sample, and Cs is the concentration of known amount of standard, spiked into the real sample.
Results
In order to obtain the maximum extraction efficiency, the effective parameters of the EME procedure including membrane composition, pH of donor and acceptor solutions, applied voltage, extraction time and carbon nanotube effect were evaluated and optimized. 
Supported liquid membrane composition

pH of donor and acceptor solutions
In an EME procedure the analyte should be in the ionic form in the donor solution to ensure maximum extraction efficiency. In the first step, the effect of pH in the donor solution was evaluated whilst retaining the pH of the acceptor solution at 12.0. As shown in Figure 3A , the best pH for the donor solution was 7.5. In the second step, the effect of different pH values (2.0-11.0) in the acceptor solution was also evaluated whilst maintaining donor solution pH at 7.5. As shown in Figure 3B the maximum extraction efficiency was observed at a pH of 12.0 for acceptor solution. Consequently a pH of 7.5 and 12.0 were selected for the donor and acceptor solutions, respectively. 
Extraction time
Duration of extraction is the other important parameter which should be evaluated to obtain the maximum extraction efficiency. As shown in Figure 4 , extraction was increased in the first 15 min. 
Effect of carbon nanotube
Carbon nanotubes were recently used as the effective sorbents in different analytical techniques. 29 In this study effect of carbon nanotubes (CNTs) was evaluated as a nano-sorbent on membrane performance. Carbon nanotubes were used in two forms (pure CNTs and modified CNTs). As illustrated in Figure 5 , CNTs led to a decrease in extraction efficiency. 
Analytical method validation and wastewater sample analysis
The proposed EME-HPLC-UV method validation was performed under optimum conditions by determining the linearity, limit of detection (LOD), limit of quantitation (LOQ), repeatability (RSD%), accuracy (relative error%) and enrichment factor. Analytical characteristics are summarized in Table 1 . As can be seen, the enrichment factors (EF) for 2-NP and 4-NP were 36 and 72, respectively. LOD and LOQ were estimated according to a signal-to-noise ratio of 3 and 10, respectively. The calibration standard solutions were prepared using five concentrations of each analye in water and the solutions were extracted under the optimized condition and then analyzed by HPLC. The linearity was tested over the range 10-1000 ng/mL. The repeatability and relative error were determined at three different concentration levels. As shown in Table 2 , the relative standard deviations (RSDs) are in the range between 2.6 % and 10.3 %. The pH of industrial wastewater sample adjusted to 7.5 before EME process. Table 2 . Accuracy and precision data of the proposed EME-HPLC-UV method (n = 3). Table 3 , the relative recoveries were obtained between 67 and 76 % for untreated industrial wastewater samples. The results of RSDs % based on three replicated determinations were less than 5.8 %. Figure 6 shows the chromatograms related to pure water and wastewater samples after EME process. Table 3 . Results obtained for the analysis of industrial wastewater sample by the proposed EME-HPLC-UV method (n = 3). Relative recovery. c Not detected Figure 6 . Typical chromatograms of (A) water and (B) industrial wastewater after EME procedure (1, blank and 2, spiked samples).
Analyte
Discussion
Electromembrane extraction efficiency
Nitrophenols are weak acids and acidic compounds as previous reports are compatible with aliphatic alcohols as SLM in EME. 26, 28 The results indicated that 1-octanol was the best solvent that gave the most efficient extraction. The potential difference between compartments is the main driving force for the migration of the analytes across liquid membranes. The applied voltage is one of the most important parameters that affects the flux of analytes and must be optimized. [26] [27] [28] As shown in Figure 2 the extractabilities of 2-NP and 4-NP were increased by increasing the voltage up to 100 V without a further increase in extraction when voltages >100 V was used. In this situation, the current in the system was increased and resulted in electrolysis and bubble formation. These conditions made the system unstable and decreased the efficiency of analyte/proton exchange and led to decrease in extraction recovery. The pH of donor and acceptor solutions can impact the ionic balance in the system. For effective extraction by EME technique, the analytes should be ionized in solution. It was revealed that the total ionic concentration in the donor solution to that in the acceptor solution has a direct impact on the flux across the membrane. 34 The pKa values of 2-NP and 4-NP are 7.2 and 7.1, respectively and both of them are weak acids. Therefore, in a solution of pH 7.5 more than 50 % of the molecules in donor solution are likely to be ionized and an increase in pH would result in greater ionization of the molecules but extraction of analytes were decreased. It seems that increasing of donor pH (>7.5) caused to increase the total ionic concentration in donor solution, and consequently, led to increase of ionic balance in the system. Therefore, the decrease in extraction was observed in higher pHs. As shown in Figure 3B the maximum extraction efficiency was observed at a pH of 12.0 for acceptor solution. In this condition, the EME system had the minimum ionic balance and minimum back diffusion from the acceptor solution. Time of extraction is the other parameter that was evaluated. After 15 minutes, a decrease in extraction was observed. The saturation of the analyte in the acceptor solution and bubble formation in the donor solution are the main reasons for this phenomenon. Back diffusion from the acceptor to the donor solution and loss of organic solvent in the SLM as a result of heat generation in the system are also possible reasons for decrease in extraction recoveries during long time extraction. [26] [27] [28] Several reports introduced the application of carbon nanotube (CNT) in EME procedure. 29, 31 In our experiments, CNTs led to a decrease in extraction efficiency more than likely due to CNTs acting as physical barriers that impede analyte migration. In this situation, mass transfer was reduced by the addition of CNTs to the SLM because of trapping of target analyte in the SLM. In case of modified CNTs, the inhibition of extraction was more than pure CNTs, due to the interaction between functional groups of modified CNTs (OH, COOH) and hydrophilic groups (OH) of 4-NP and 2-NP. Carbon nanotubes also exhibit electrical conductivity and resulted in a reduced resistance of the SLM and consequently a reduced electrical field. Furthermore, analytes may be adsorbed onto the sorbents and the desorption force (applied voltage) may not be sufficient to release the analyte into the acceptor solution. These phenomena are likely to lead to decrease in extraction efficiency. This work a MS-USAEME-SFO: manual shaking-enhanced ultrasound-assisted emulsification microextraction based on solidification of floating organic, UHPLC: ultra high performance liquid chromatography, DAD: diode array detector, UAE: ultrasound assisted extraction, DLLME: dispersive liquid-liquid microextraction, GC-MS: gas chromatography/Mass spectroscopy, HF-LPME: hollow fiber liquid phase microextraction, CE-MS: capillary electrophoresis/mass spectroscopy, SMS-LLME: supramolecular solvent liquid-liquid microextraction, HPLC: high performance liquid chromatography, UV: ultraviolet, BAµE-LD: Bar adsorptive microextraction combined with liquid desorption, EMM: electro-mediated microextraction. b further sample treatment steps such as filtration, sonication, precipitation, centrifuge and solvent evaporation. 
Performance of analytical method
The proposed EME-HPLC-UV method was applied to the determination of nitrophenols in industrial wastewater samples to establish the applicability of the method. The relative recoveries were obtained between 67 and 76 % for untreated industrial wastewater samples. Industrial wastewaters often contain salts, metals and other organic compounds. Presence of these materials could be the reason of lower relative recovery of the wastewater in comparison to pure water analysis. Table 4 shows a comparison of the proposed method to the other techniques for the determination of 2-NP and 4-NP in different sample matrices. The results suggest that the proposed method for simultaneous determination of 2-NP and 4-NP in wastewater samples is relevant and applicable. This method is simple and cheap in comparison to expensive methods such as GC-MS, UHPLC, and µHPLC. Some of the reported HPLC methods need to time-consuming and complicated sample preparation process such as liquid-liquid extraction, solid phase extraction, solid phase microextraction and molecularly imprinted polymer assisted SPME. 7, [10] [11] [12] Some of these methods require large volume of toxic solvent, long duration of sample treatment. Some of them require the expensive sorbents and need to further complicated steps such as filtration, sonication, precipitation and solvent evaporation for analysis.
5,11,17
The presented EME-HPLC-UV method could be performed directly on wastewater samples without any other sample preparation steps. The short extraction and analysis time, consumption of small volumes of organic solvent (~15 µL) and a cheap and simple analytical technique (HPLC-UV), make the method applicable for simultaneous determination of 2-NP and 4-NP in wastewater samples.
Conclusion
An efficient and simple EME-HPLC-UV method has been reported for simultaneous determination of 2-NP and 4-NP in industrial wastewater samples. Some parameters including SLM composition, applied voltage, pH of donor and acceptor solution and time of extraction were evaluated and optimized. The effect of carbon nanotubes as a solid nano-sorbent on membrane performance in EME procedure was also evaluated. Acceptable results were obtained for analysis of wastewater sample after a short time extraction (15 min). The data indicated that the proposed EME-HPLC-UV method was a simple and rapid analytical method for the determination of nitrophenols. Because of the consumption of very small volumes of solvent, the proposed method is environmentally friendly.
